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1, 8 and 14 after dosing.  Results: The mean ( 8 SD) ma-
ternal mid upper arm circumference (MUAC) and body 
mass index (BMI) were 21.8 (0.9) cm and 18.6 (1.0) kg/
height (m 2 ), respectively. Infant weight and weight/age 
Z score were 4.956 (0.874) kg and –1.750 (0.77), respec-
tively. Throughout the study, the infants gained 20
(4) g/day in body weight and had a milk intake of 555
(22) ml/day. The energy intake of the infant was 1,602 
(148) kJ/day and was lower (p  ! 0.05) than the 2,404
(423) kJ/day estimated requirement by the FAO/WHO/
UNU. The maternal FFM, %BF, Hb, Hct, ferritin and reti-
nol were 32.8 (3.1) kg, 17.24 (7.0), 11.5 (1.3) g/dl, 33.9 
(4.9), 16.2 (0.1)   g/l and 0.894 (0.16)   mol/l, respectively. 
Infant milk intake was signifi cantly and positively corre-
lated to maternal pregnancy triceps (r = 0.679) p  ! 0.05) 
and pregnancy MUAC (r = 0.725) p  ! 0.05). Maternal 
pregnancy MUAC was an important predictor of infant 
breast milk intake.  Conclusion: Data on volume of breast 
milk consumed by the infants suggests, at least for this 
group of infants, that adequate growth may not be 
achieved. There is a possibility that lactating mothers 
practicing exclusive breast-feeding and living under 
harsh conditions may experience periods of low breast 
milk volume. Body composition and biochemical fi nd-
ings among this group of Pokot mothers indicate dietary 
inadequacies that require nutritional intervention. 
 Copyright © 2005 S. Karger AG, Basel 
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 Abstract 
 Background: In sub-Saharan Africa, the practice of 
breast-feeding infants is common. Records document-
ing the intake of breast milk amongst infants are limited. 
This study evaluated the association between maternal 
body composition and the intake of breast milk in infants 
from the pastoral communities within Pokot, Kenya. 
 Methods: The study was conducted in 10 lactating moth-
ers who were participating in a longitudinal study aimed 
at determining maternal body composition, iron stores 
and vitamin A status during the third trimester pregnan-
cy and four months after they had given birth. Maternal 
and infant anthropometric measurements were made, 
and maternal blood samples were taken to determine 
serum retinol and ferritin levels. Infant milk intake and 
maternal fat-free mass (FFM) and percent body fat (% BF) 
were measured using ‘the dose to the mother method’. 
A measured deuterium oxide ( 2 H 2 O) dose was given to 
the mother. Urine and breast milk from the mother, and 
saliva samples from the infant, were collected on days 
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 Introduction 
 In countries of sub-Saharan Africa, the practice of 
breast-feeding infants is common. Records documenting 
the intake of breast milk amongst infants are limited even 
though breast milk plays an important role in meeting the 
energy requirements for infant growth  [1, 2] . Current 
guidelines for these countries recommend exclusive breast-
feeding until the child is at least 6 months old  [3] . Par-
ticularly evident is the inadequacy of crucial data evaluat-
ing the nutritional adequacy of exclusive breast-feeding 
during the ﬁ rst 4–6 months of infant life. The accuracy, 
cheapness and ready availability of deuterium oxide (DO) 
( 2 H 2 O) has led to its extensive use in measuring body com-
position  [4] and in the estimation of infant breast milk 
intake  [5, 6] . The method offers an opportunity to deter-
mine maternal body composition and breast milk output 
at the same time. Studies that have used the DO dilution 
method to investigate the milk intake of breast-fed infants 
from developing countries are very few  [7, 8] . In sub-Sa-
haran Africa, only one body composition validation study 
in 10 lactating women living in Nandi, a rural commu-
nity in Kenya, has been done by Ettyang et al.  [9] . 
 Lack of data from developing countries seriously hin-
ders the evaluation of the nutritional adequacy of human 
milk intake amongst exclusively breast-fed infants. Evi-
dence to date clearly indicates that few women exclusive-
ly breast-feed beyond 4 months  [10] . Environmental fac-
tors adversely affect the maternal food intake thus putting 
them at risk for underweight as well as reducing the vol-
ume of breast milk they may produce. Numerous socio-
economic and cultural factors inﬂ uence their decision to 
supplement human milk. In developing countries, mater-
nal work demands are among the factors that determine 
the need and timing of complementary feeding. 
 The present study was conducted in West Pokot, a part 
of Kenya where environmental and life style factors have 
adversely affected maternal and child nutritional status 
 [11] . Undernutrition amongst the worst affected pastoral 
and farming households is a function of declining food 
availability and is exacerbated by chronic food insecurity. 
In view of poor rains, conﬂ ict and other hazards, the se-
curity of food is increasingly fragile. Therefore, the aim 
of this study was to evaluate the association between the 
intake of breast milk of pastoral infants who were exclu-
sively breast-fed and the body composition of their moth-
er; body composition was measured using the isototopic 
method. In addition, the relationship between the energy 
cost of growth and energy density of the breast milk was 
examined. 
 Materials and Methods 
 Study Community 
 The study was conducted in the West Pokot district of Kenya. 
The women, all from the pastoral community living in the Chep-
kobeh location, were participants in a longitudinal study aimed at 
determining the prevalence of undernutrition, low iron stores and 
vitamin A deﬁ ciency during the third trimester pregnancy and at 4 
months after birth. Maternal body composition and breast milk 
intake of the infants were measured in 10 lactating women. The 
selection criteria included: exclusive breast-feeding, having an in-
fant aged 2–4 months, maternal parity  ^  4, birth weight of more 
than 2,500 g, and no congenital abnormalities. From all women in 
the longitudinal population who met these criteria, 10 were ran-
domly selected for this study. Approval for the research was ob-
tained from both the Moi ethical and research committee and the 
government of Kenya. The objectives and procedures of the study 
were explained to the women. Only women who gave informed 
consent were studied. Given the logistic requirements and the dif-
ﬁ cult terrain, the 10 mothers and infants that were selected were 
invited to sleep one night at the home of one of the villages’ tradi-
tional birth attendants. Procedures for the collection of samples 
were explained and mothers asked to return to the same home on 
days 8 and 14. 
 The DO Dilution Method 
 The volume of breast milk consumed can be estimated from 
measurements of the rate of water turnover after the oral adminis-
tration of a measured DO dose to either the mother or the infant. 
Estimation of the infant breast milk intake by the ‘dose-to-the-
mother’ method has been described by Coward et al.  [5] and vali-
dated in 10 infants from a nutritional recovery center in Santiago, 
Chile, by Infante et al.  [12] . One advantage of the DO technique is 
that the measurement of body composition can also be made. Use 
of the method avoids inclusion of infant water intake from other 
sources in the calculation of breast milk intake. It also eliminates 
the need to time milk sample collection and allows for breast milk 
intake to be studied without interfering with the normal feeding 
pattern of the child. In this study, DO was used as a tracer to follow 
the movement of water (trace) into and out of the body water pools 
of the mother and her breast-fed infant  [5] . By giving DO to the 
mothers, we were able to measure the volume of milk consumption 
in their breast-fed infants. The basic measurement obtained was a 
value that is related to the effects of all feeds consumed by the in-
fant over a period of 14 days; therefore, the results are comparable 
to other isotope dilution studies done in other parts of the world. 
 Collection of Urine Samples 
 The stock mixture of DO was prepared from separate (un)labeled 
water accordingly to the Maastricht protocol  [4] . A background 
urine sample was collected in the evening, 5–10 min before the DO 
intake. The mothers were given a standard dose of 70 ml of water 
with 5 APE deuterium  [13] . The next morning, 1–3 h before the 
ﬁ nal urine sampling, the mothers were asked to completely empty 
their bladder; this urine was not collected. A second urine specimen 
was collected 1 h later for analysis. As much as possible, the time 
between drinking the deuterium and the last urine sampling was 
10 h ( 8 10 min). The urine samples were frozen and stored at –70  ° 
 C until transported to the analytic laboratory in Maastricht. 
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 Breast Milk and Saliva Samples 
 A 100-  l sample of expressed breast milk from the mother and 
a saliva sample from her infant were collected at the time of urine 
sample collection (day 0). She was given an accurately weighed dose 
of DO. At least three further milk and saliva samples were collect-
ed to provide estimates of DO enrichment at days 1, 8 and 14. 
Sample collection on day 0 was done to ensure that the dose of DO 
reached equilibrium overnight within the mother  [4] . The samples 
were frozen in glass-topped vials at –70  °  C and transported to the 
analytic laboratory in Maastricht. 
 Anthropometry and Blood Collection 
 The mother’s body weight was measured to the nearest 0.1 kg 
using an electronic scale (SECA). Height was measured to the near-
est 0.1 cm using a stadiometer. Body mass index (BMI kg/m 2 ) was 
computed from weight in kg/(height  ! height in meters). Biceps, 
triceps, suprailiac and subscapular skinfold thickness were mea-
sured using a Holtain skinfold thickness caliper (UK); all measure-
ments were done in triplicate by the same investigator  [14] . The 
infant’s body weight was measured to the nearest 0.1 kg with a 
baby weighing scale and height was measured to the nearest 0.1 
cm with a height stadiometer. Infants were weighed again at the 
end of the 14-day period. 5-ml venous blood samples taken from 
the mother were stored on ice for transportation to the laboratory. 
On arrival, serum was separated from blood by centrifugation at 
room temperature, and at 3,000 rpm for 15 min. Thereafter, the 
serum samples were stored at –70  °  C until analyzed for retinol and 
ferritin. 
 Biochemical Analysis 
 A Coulter counter (model 560) was used to determine hemoglo-
bin (Hb) and hematocrit ratio (Hct). Retinol levels in serum were 
assayed using high-performance liquid chromatography (HPLC). 
Measurements of serum ferritin (SF) were performed using the en-
zyme-linked immunosorbent assay (ELISA Boehringer Mannheim 
Immundiagnostike Mannheim, Germany). Nutritional anemia was 
assessed using both Hb and Hct  [15] . The lactating mothers were 
categorized as having anemia if their Hb levels were  ! 12 g/dl or 
their Hct ratio was  ! 37. Depletion of iron stores was based on the 
levels of SF concentration:  ! 12   g/l indicates severe depletion, 12–
29   g/l marginal depletion and  6 30   g/l indicates normal stores. 
Vitamin A status was based on serum retinol concentration:
 ! 0.35   mol/l (10   g/dl) indicates vitamin A deﬁ ciency and 
 ! 0.70   mol/l (20   g/dl) reﬂ ects marginal deﬁ ciency. 
 Determination of Body Composition, Breast Milk Volume and 
Infant Energy Intake 
 After preparation with the Pt equilibration technique  [16], the 
urine samples were analyzed with an isotopic ratio mass spectrom-
etry (Aqua Sira VG UK, Cheshire). Deuterium was measured in 
hydrogen gas. Hydrogen gas was produced from the sample online 
by the hot uranium technique. The  2 H enrichment in 5–7   l of milk 
and saliva water samples was measured by reductions of the water 
to hydrogen gas and subsequent  2 H analysis using an isotopic ratio 
mass spectrometry  [17] . 
 The fat-free mass (FFM) was calculated as TBW/0.724 as sug-
gested by Raaij et al.  [18] . Maternal body fat (BF) and %BF was 
calculated from body weight (BW) by difference. Thus, BF =
BW – FFM and %BF = (BF  ! 100)/BW  [13] . Milk volume was as-
sessed assuming a proportion of 96% of water after complete reduc-
tion of its solids  [5] . Estimation of gross energy intake from the 
breast milk was based on 2.9 kJ/g (0.67 kcal/g)  [19] . 
 Statistical Analyses 
 Data were analyzed with the SPSS/PC statistical package (Ver-
sion 9.2, 1998). Means, SDs and median were calculated for all 
outcome measurements. Independent samples Student’s t test was 
used to determine the signiﬁ cance of the differences between 
means. The    2  was used to compare the difference between propor-
tions. Pearson’s correlation tests were performed to examine the 
relationships between body composition, breast milk volume, se-
rum retinol and measures of iron status. Multiple regression was 
used to identify determinants of infant breast milk intake. The pre-
dictor variables used were: skinfold thickness measurements, 
MUAC, BMI, FFM, BF, serum retinol, serum ferritin. Using p  1 
0.10 for exclusion, the signiﬁ cant (p  ! 0.01) combination of vari-
ables related to volume of infant breast milk intake were identi-
ﬁ ed. 
 Results 
 General and biochemical data for the mothers mea-
sured during the 3rd trimester of pregnancy as well as 
during the lactation period (2–4 months after birth) are 
reported as mean ( 8 SD) and shown in  table 1 . Although 
not signiﬁ cant, body weight during pregnancy was re-
duced from 51.9 (3.1) kg to 49.5 (2.7) kg during lactation. 
There were signiﬁ cant (p  ! 0.05) reductions in BMI from 
19.8 (1.3) to 18.5 (1.0). Hb increased signiﬁ cantly (p  ! 
0.05) from 9.9 (2.5) g/dl to 11.5 (1.3) g/dl. The level of 
serum ferritin was signiﬁ cantly (p  ! 0.05) reduced from 
23.4 (0.1)   g/l during pregnancy to 16.2 (0.1)   g/l during 
Table 1. General and biochemical data of the 10 Pokot mothers 
measured during pregnancy and lactation
Pregnancy
(3rd trimester)
Lactation
(at 2–4 months)
Parity 3 4
Weight, kg 51.983.1 49.580.8
BMI 19.881.3 18.682.7
MUAC 22.781.2 21.880.9
Hb, g/dl 9.982.5 11.581.3**
Hct 32.084.5 33.984.9
Ferritin, g/l 23.480.1 16.280.1*
Retinol, mol/l 0.73580.290 0.89480.160*
Values are mean 8 SD.
* p < 0.05 based on paired t test, ** p < 0.01 based on paired t 
test.
BMI = Body mass index (weight kg/height (m2); MUAC = mid 
upper arm circumference.
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lactation. Serum retinol levels signiﬁ cantly (p  ! 0.05) in-
creased during lactation as compared to during pregnan-
cy [0.894 (0.16) vs. 0.736 (0.29)   mol/l, respectively]. 
Pregnancy levels of Hct were signiﬁ cantly correlated with 
infant milk intake per day (r = 0.699, p  ! 0.05) and with 
lactation Hb (r = 0.639, p  ! 0.05). Pregnancy levels of 
retinol were signiﬁ cantly correlated with FFM (r = –0.919, 
p ! 0.05) and with % body fat (r = 0.767, p  ! 0.05) during 
lactation. 
 As shown in  table 2 , % body water of the Pokot moth-
ers is lower than that of the lactating mothers in the Nan-
di study [48.5 (4.1) vs. 52.0 (7.8)%, respectively]  [10] . The 
Pokot mothers’ % body fat of 17.3 (7.0) is lower compared 
to 26.4 (6.4) for the Nandi mothers. The Pokot mothers 
BMI of 18.5 (1.0) may be indicative of a prolonged low 
energy intake. 
 Data on water turnover rates in Pokot mothers com-
pared to values reported by Coward et al.  [4] for lactating 
mothers from Gambia and Papua New Guinea are shown 
in  table 3 . During the study period, Pokot women had a 
relatively low mean (SD) total body water % of 48.5 (4.1) 
compared to the value of 59.7 (2.7) and 50.9 (1.9) for the 
women in Gambia and Papua New Guinea, respectively. 
The 4.77 (0.95) liters/day water turnover observed in Po-
kot lactating mothers was lower than that reported for the 
women in Gambia [5.93 (0.25) liters/day]. The estimated 
intake of breast milk by the Pokot infants [552 (22) ml/
day] was lower compared to the milk intakes of 752
(18) ml/day for the Gambia infants and 670 (46) ml/day 
for the Papua New Guinea infants. 
Table 2. Body composition of lactating Pokot and Nandi mothers
Pokot study Nandi studya
Total body water 24.082.3 31.883.4
Total body water % 48.584.1 52.087.8
Fat free mass, kg 32.883.1 4484.7**
Body fat, kg 8.783.8 16.788.8
% Body fatb 17.387.0 26.288.1**
BMI 18.581.0 23.484.0**
MUAC 22.781.16 23.484.0**
Average skinfold thickness, mm
Biceps 
Triceps
5.381.16
14.783.4
9.986.7*
16.786.7
Values are mean 8 SD.
a Same deuterium dilution technique used  [4, 10].
b Expressed as a percentage of body weight.
BMI = Body mass index (weight kg/height m2); MUAC = mid 
upper arm circumference.
* p < 0.05 based on independent samples t test.
** p < 0.01 based on independent samples t test.
Pokot study Gambia study* Papua New
Guinea study*
Number of children
Age range, months
Total body water, %
Maternal water turnover, liters/day
Breast milk intake
ml/day
ml/kg
10
2–4
48.584.1
4.7780.95
552822
11585
4
0–4
59.782.7
5.9380.25
752818
15289
17
0–4
50.981.9
3.6580.19
670846
14087
* Values reported by Coward et al. [5].
Values are mean 8 SE.
Coefﬁ cient (b) SE  p value R Adjusted, R2
Infant milk intake 0.725 0.467
Constant –2,599.711 1,059 0.040
MUAC* – 138.860 46 0.725 0.018
* Third trimester mid upper arm circumference.
Table 3. Breast milk intake in infants and 
water turnover rates and body content of 
their mothers for the Pokot, Kenya, the 
Gambia and Papua New Guinea
Table 4. Effect of third trimester of
pregnancy mid upper arm circumference 
on volume of breast milk intake in 10
exclusively breast-fed Pokot infants aged 
2–4 months 
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 The multiple regression models explained 47% of the 
variation in infant milk intake ( table 4 ) Pokot women 
pregnancy MUAC was a positive predictor of the pastoral 
infant’s breast milk intake. The infant milk intake was 
signiﬁ cantly and positively correlated to maternal preg-
nancy triceps (r = 0.679, p  ! 0.05) and pregnancy MUAC 
(r = 0.725, p  ! 0.05). 
 Table 5 shows nutritional status and estimated average 
daily breast milk volume and energy intake of the Pokot 
infant. The mean (SD) new born weight taken within 7 
days of birth was 2.94  8 0.323 kg. At 2–4 months after 
birth the mean (SD) Z score of –1.750 (0.077) weight/age 
is below the 50th percentile (National Centre for Health 
Statistics). The mean (SD) weight gain of 20 (40) g/day 
corresponds to a mean (SD) milk intake of 552  8 22 ml/
day. This may not be sufﬁ cient to provide for normal 
growth during the ﬁ rst 2- to 4-month period after birth. 
The mean (SD) energy intake of 1,602 kJ/day is signiﬁ -
cantly lower (p  ! 0.01) compared to the FAO/WHO/
UNU estimated 2,404 (423) kJ/day energy requirement 
of this age group. Only 20% (2) of the infants met their 
energy requirements. The energy supplied by milk is 66% 
lower than the recommended intake. 
 Discussion 
 The deuterium dilution technique is proving to be use-
ful for ﬁ eld studies examining body composition  [4, 20] 
and infant breast milk intake  [5–8] . The evaluation of 
breast milk intake is of particular importance for setting 
future breast-feeding recommendations and to investi-
gate the effect of diet and environmental factors on ma-
ternal capacity for adequate lactation. The evaluation of 
body composition during ﬁ eld studies in developing 
countries is of particular importance for identifying in-
tervention strategies aimed at improving nutrient intake. 
Establishing the volume of breast milk intake is of par-
ticular relevance to the estimation of adequacy of nutri-
ent intake of the exclusively breast-fed infant  [10] . 
 The advantages of the deuterium dilution technique 
 [4] are the noninvasive character of the measurements, 
the relative ease with which it can be applied to both the 
mothers and infants, and the possibility of combining this 
type of evaluation with other nutritional indices provid-
ing valuable information for nutritional interventions. 
To our knowledge this is one of the very few milk intake 
studies carried out in 2- to 4-month-old infants in Africa 
and the ﬁ rst in a pastoral community in Kenya. Previous 
Kenyan breast milk intake studies were carried out in 
farming communities and used the test weighing tech-
nique  [21] . Studies conducted in lactating mothers in the 
Gambia and Papua New Guinea did not take maternal 
body composition into account  [5] . 
 A variety of information becomes available when DO 
is given to the mother. Maternal water turnover rate in 
the Pokot mothers is lower than that found in Papua New 
Guinea. This may be due to the effect of different levels 
of activity and different environmental conditions that 
promote water losses  [5] . Comparisons between Pokot 
and Gambia mothers show that in the Gambia infant’s 
water consumption was also derived from sources other 
than breast milk. The opposite happens for the Pokot lac-
tating mother. Breast-feeding is almost completely exclu-
sive and the infant derives little water from sources other 
than breast milk. 
 Among the Otomi Indians of Mexico, lactation perfor-
mance was reported to be signiﬁ cantly correlated with 
maternal body size and composition  [22] . Physically, the 
Otomi and Pokot mothers have a similar mean height of 
1.47 m and a body weight of 50.5 kg. The Otomi mothers 
BMI of 23.4 is higher. The Pokot mothers mean (SD) of 
18.6 (1.3) is indicative of a low energy intake  [23] . Ex-
pressed as a percentage of body weight the estimates of 
BF were higher at 23.6 (6.4)% and more comparable to 
26.2 (8.1)% observed in Nandi lactating mothers. The 
mean (SD) Hb of 11.5 (1.3) g/dl during lactation is below 
the WHO cut-off point of 12 g/dl  [24] . When simple cor-
relation tests were used, maternal pregnancy Hb levels 
were signiﬁ cantly correlated to the pregnancy Hct ratio. 
Table 5. Nutritional status and estimated average daily breast milk 
volume and energy intake of the Pokot infants
Males 6
Females 4
Birth weight, kg – 2.9480.323
Age at evaluation, months –3.69081.26
Weight at evaluation, kg –4.95680.874
Weight gain, g/day – 2084
Weight/age –1.75080.77*
Volume of milk intake, ml/day 552822
Energy from milk intake, kJ/daya –1,6028148
Energy from  milk intake, kJ/kg/daya 3338154
Infant energy requirement, kJ/dayb –2,4048423
Values are mean 8 SD.
* Z score from National Center for Health Statistics (NCHS).
a Based on an energy content of breast milk of 2.9 kJ/g
(0.67 kcal/g).
b Based on FAO/WHO/UNU recommendations.
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This suggests that iron status was likely to be an important 
determinant of Hb and hence anemia. Serum retinol lev-
els were marginal and may indicate a risk of low dietary 
intake of vitamin A  [25] . 
 The method recommended by Coward et al.  [5] was 
used to calculate infant milk-water intake. In this study, 
it is clear that on average, milk intake for this group of 
infants may be insufﬁ cient to provide the necessary en-
ergy for normal growth during the ﬁ rst 2–4 months of life 
 [1, 2, 26] . This fact is relevant for many developing coun-
tries where stress is put on promotion of exclusive breast-
feeding for the ﬁ rst 6 months of life  [3] . The intake of the 
infants is 66% lower than the 485 kJ/kg/day FAO/WHO/
UNU recommendation  [1] . The infants’ energy intake 
and pattern of growth based on weight/age is not compa-
rable with those recommended for this age group. If this 
low level of energy intake is continuous then adequate 
growth may not be sustained. 
 Kenya like its neighbors in sub-Saharan Africa has the 
majority of their populations living in resource-poor com-
munities, where child malnutrition remains a major 
health problem. This occurs as a result of poor child-feed-
ing practices and exposure to high rates of infection. In 
this context, issues concerning measurement of both nu-
tritional status and various environment exposures be-
come increasingly signiﬁ cant. Like their better-nourished 
counterparts, women living under poor circumstances 
lose weight during lactation. The weight loss is magniﬁ ed 
by seasonal changes in their environment. The amount 
of weight gained during pregnancy is higher with better 
living circumstances. The amount of weight retained af-
ter delivery shows this same discrepancy between poor 
and rich countries. The same trend may be observed 
when comparisons of body composition and micronutri-
ent status are made either between the Nandi and Pokot 
lactating mothers ( table 2 ) or between the Pokot mothers 
pregnancy and lactation periods ( table 1 ). 
 The better-nourished Nandi lactating woman lives in 
an environment with better access to food and health 
care. In West Pokot, the lactating woman lives in a harsh 
environment. Undernutrition in this community is a 
function of declining food availability that is exacerbated 
by chronic food insecurity and limited access to health 
care. One season of poor rains, conﬂ ict and other hazards 
is sufﬁ cient to precipitate a crisis that results in poor har-
vests. A particularly relevant recent study  [27] from Ban-
gladesh goes even further. It accounts for initial maternal 
weight, duration of breast-feeding, and season in examin-
ing the effect of breast-feeding on maternal weight change. 
Weight loss was higher in lactating than in non-lactating 
women and lower in women with low initial weight than 
in those with high initial weight. 
 In most sub-Saharan community’s season and time 
postpartum interacted so that women who reach the time 
of most intensive breast-feeding at a time of low food sup-
ply lose the most weight. For such communities, indirect 
markers of nutritional status such as body composition 
may provide direction for public health and nutrition pol-
icy at a national and multi-sectoral level. However, there 
is need for caution in the broad application of such indi-
ces. Ettyang et al.  [9] have demonstrated that anthropo-
metric measures of body composition in lactating women 
from a rural African community, using conventional 
equations, may overestimate body fatness and yield an 
unacceptable level of inaccuracy and be imprecise, when 
compared with DO method in the same group. Variabil-
ity in the estimation of body composition in this study 
was related to the commonly used skinfold derived equa-
tions, originally formulated for populations in which food 
supply was plentiful, and for whom undernutrition was 
not a major public health issue. Formulation of timely 
and appropriate interventions requires accurate and rap-
id ﬁ eld assessment of the nutritional status of vulnerable 
groups. Attributes such as ease of administration, accu-
racy and validity of various measures of nutritional status 
create a platform supporting on going surveillance by the 
health sector. 
 New information on total daily energy expenditure 
and body composition of healthy children is based on 
longitudinal observations carried out in the developed 
countries. Subsequent estimations of nutrient require-
ments from complementary foods have assumed good 
maternal nutritional status and adequate breast milk vol-
ume and composition. It is recommended that nutrient 
requirements from complementary foods be estimated as 
the difference between young children’s estimated total 
nutrient needs and the amounts transferred in breast milk 
to children of different ages  [28] . In resource-poor com-
munities, estimated total nutrient needs cannot be 
achieved unless priority is given to the identiﬁ cation and 
application of appropriate instruments that can be used 
to assess current infant feeding practices and monitor the 
impact of those nutrition interventions that aim at pro-
moting exclusive infant breast-feeding. So far due to lack 
of simple tools to measure the adequacy of exclusive 
breast-feeding, imperfect proxy measures are widely used. 
As of now, indicators designed to determine whether the 
baby is exclusively breast-fed and not given water or oth-
er prelacteal feeds need to be developed. 
 Ettyang /van Marken Lichtenbelt /Esamai /
Saris /Westerterp 
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 As shown in this study collecting information on vol-
ume of breast milk intake makes it possible to determine 
whether nutrient intake from breast milk would allow 
children of different ages to meet their energy and micro-
nutrient requirements. The use of isotope provides as-
sessment over a period of up to 14 days. In most breast-
feeding studies the methods used tend to be based on a 
maternal recall period of 24 h. This is because in order to 
maintain breast milk mothers have to breast-feed regu-
larly. Thus, if they have not breast-fed the child in the 
previous 24 h it is unlikely that the child is receiving a 
meaningful amount of nutrients from breast milk. The 
major drawback of the recall method is when breast-feed-
ing mothers are unable to remember the number of times 
they breast-fed their child during the previous day and 
night. There may therefore be a tendency for mothers to 
report having breast-fed as often as the child wants, im-
plying that they breast-feed on demand. This may be 
highly desirable but it makes it very difﬁ cult to quantify 
the actual amount of breast milk consumed by the infant. 
Ability to determine the volume of breast milk consumed 
by the breast-fed infant is critical in estimating the amount 
of energy and nutrients that should be contributed by 
complementary foods. 
 In the past direct measures of breast milk intake have 
been complex, resulting in the use of small samples. With 
the technological advancements, such as the application 
of Fourier-transformed infrared spectrophotometry 
(FTIS)  [8] for the analysis of DO isotope enrichment of 
urine samples, the application of stable isotope method-
ology will be more widely available. This may be an im-
portant step in preventing the misclassiﬁ cation or misin-
terpretation of nutritional status. In the future, larger 
samples can be used thus making it possible to review 
information on breast-feeding frequency as a basis of as-
sessing whether breast milk intake is likely to be low, av-
erage or high. This technique can also be used to deter-
mine whether or not the information on breast-feeding 
frequency that is currently being collected in many stud-
ies around the world (in all nationally representative De-
mographic Household Surveys, for example) is useful in 
accurately differentiating between children who have low 
vs. high breast milk intake. 
 In both the Pokot and Nandi cultures breast-feeding 
is the norm. For the infant to get the full beneﬁ ts of breast-
feeding, lactating women must initiate and continue 
breast-feeding. Supporting women to continue breast-
feeding in a relatively hostile environment is necessary. 
For this to occur, especially in the Pokot community, the 
biological, political and sociocultural environments must 
interact in a way that is supportive of breast-feeding. De-
termining maternal body composition and infant breast 
milk intake combined with other nutritional parameters 
is critical if we aim to prevent deﬁ ciencies that may cause 
impaired health and well-being later in life. The biochem-
ical ﬁ ndings among the Pokot mothers indicate dietary 
inadequacies that require nutritional improvement. The 
volume of breast milk produced suggests that for this 
group of infants, the current levels of breast milk that they 
consume may not achieve adequate growth. 
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